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© Hydrogel materials. 

© Homogeneous hydrogels comprise a water-soluble 
sugar, protein, derivative or mixture thereof, radiation 
cross-linked with at least one ethylenically unsaturated 
compound. A preferred combination is sucrose or glucose 
cross-linked with acrylic acid. The hydrogels may contain 
additives eg plasticizers such as glycerol. The hydrogels are 
strong and expand to a large extent eg 30X on water 
absorption. They are particularly suitable for use in medical 
dressings, preferably bonded to a supporting film which may 
be a semi-permeable membrane allowing control of water 
loss. A method for preparing such a hydrogel and dressing is 
also described. 
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1 P0101 
HYDROGEL MATERIALS 

This invention relates to hyjjrogel materials, and has par- 
ticular but not necessarily exclusive reference to ionising radia- 
tion induced formation of uniformly dispersed reactive radicles on 
molecules of biological origin such as sugars, sugar derivatives, 
proteins and protein derivatives. 

Hydrogels are polymeric materials which have the ability to 
imbibe a large fraction of their own weight of water, the absorption 
being accompanied by swelling. They are frequently used in areas of 
medicine because of their associated biocompatability , this partly 
being due to the high water content and tissue-like consistency. 
Uses are mainly in the fields of wound dressings and implantations 
into the body in the form of various devices. 

A considerable disadvantage of previous types of material is 
the extreme loss in strength associated with high water content. 
This often necessitates bonding tjo a supporting material to aid 

durability, relying on surface adhesion or chemical bonding for 

i 

attachment. An adhesive quality isj also useful in attaching the gel 
to the skin, for example in a wound dressing application or for 
bonding to other high water content surfaces, but this is largely 
lacking in known hydrogels. 

Present hydrogel materials are made from crosslinked monomers 
in solution or by radiation grafting polymeric films. Common 
monomers used include methacrylic [acid , acrylic acid, hydroxyethyl 
methacrylate, ethyl methacrylate, vinyl pyrrolidone, acrylamide, as 
well as various esters and imides, which monomers have the char- 
acteristic of containing a reactive group such as a vinyl group. 
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Polymerisation can be achieved j by using heat or high energy radia- 
tion, the most common method being to cure by thermal methods in the 
present of initiator i>. This often necessitates initiator removal 
after polymerisation because of the undesirability of most such 
compounds in the final product .| The gels posess varying degrees of 

hydrophilicity depending on the monomers used and the method of 

i 

polymerisation but none combine the desirable properties of a high 

t 

water uptake, high degree of surface adhesion, biocompatibility and 
stength. j 

According to the present jinvention there is provided a homo- 
geneous hydrogel material comprising a water soluble organic 
material selected from the grdup comprising sugars, sugar deriva- 
tives, proteins, protein derivatives and mixtures thereof, radia- 
tion erosslinked with at leabt one ethylenically - unsaturated 
15 compoound having at least one tiydrophilic group appendeant thereto. 

The sugars are preferably! mono- or di- saccharides but tri-, 
tetra- perta - and higher polysaccharides may be used. Monosac- 
charides may be pentoses, hexpses or heptoses, but hexoses, being 
either pyronose or furonose |are preferred. Disaccharides are 
20 preferably dihexoses, but other combinations of hexose, heptose, 
pentose and tetrose saccharide systems may be used. Naturally 
occurring sugars are preferred as a class as these are easily 
obtainable in a pure form. f 

Preferred monosaccharides |are glucose and fructose, but other 
25 aldohexoses, and deoxy pentoses may used. Preferred disaccharides 
are surcrose, maltose and lactose, but other hexosidotetroses, 
pentosidohexoses, hexosidopentoses, deoxyhexosidohexoses , hexosid©- 
hexoses (glucosidoglucoses , galacto-sidoglucoses , glucosidomannoses, 
galactosidogalactoses and galacto-sidomannoses, and glycosidofructoses), 
30 and hexasidohexoses (glucosidoaldosides, glucosidoketosides) may be 
used. 

i 

Derivatives of sugars may [include alkyl or alkoxyl substituted 
sugars, esters with organic, ejg carboxjlic, acids, inorganic acids, 
halides, acid derivatives eg sugar acids such as tetrahydroxy 
35 mono carboxylic acids, trihydroxyaldebydrocarboxylic acids ,trihydro- 
xydicarboxylic acids, pentahydroxymonocarboxylic acids, dehydroxy- 
hexonic acids, uronic acids, tetrahydroxy dicarboxylic acids and the 
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corresponding disaccharide equivalents, amino derivatives such as 
glycamines, acetals, ketals, hemiacetais , glycosides, aldehyde and 
ketone derivatives, and allyl ethers. 

The proteins may be naturally occurring or synthetic, animal or 
5 vegetable derived or may be derived from microbiological culture. 
They may be polypeptides or shorter polyaminoacids. They should 
preferably be soluble, desirably: highly soluble, in water and 
aqueous media, and should also preferably contain a high proportion 
eg more than 5% by weight of hydroxyl- containing amino acids such 

TO as hydroxyproline, serine, threonine or hydroxylisine. 

Proteins from animal sources may include blood proteins, 
fibrinogen, and gelatin, being a hydrolysed collagen. Gelatin is a 
preferred protein as it contains \ many polyhydroxyl groups which 
enhance solubility and can form [a common link with sugars and 

*5 derivatives thereof, and also fords a strong elastic structure at 
bodily temperatures. 

The field of available proteins is so large that subject to 
express limitations discussed herein, no specific class of proteins 
and proteins i3 excluded from use in the invention. 

20 Derivatives of proteins may | include hydrolysis products in 

which a polypeptide structure is maintained. Denatured proteins are 
generally less useful because of thjeir reduced solubility. 

Sugars, sugar derivatives, proteins and protein derivatives may 
be mixed in any proportion in ihe hydrogels of the invention. 

25 The crosslinking compound should be on ethylenically nsat- 

urated compound, ie containing at [least one C=C (ethylenic) unit. 
The substituents on the ethylenic ! unit include at least one grodp 
which is or contains a hydrophilic group, such as hydroxyl (OH), 
carboxylic acid (C0 2 H) or amide (C0NH 2 ) which are preferred, but 

30 other hydrophilic groups may also be used such as soluble ketones or 
aldehydes, lower amines or sulphonttes. 

The crosslinking compound should preferably be soluble in 
water or aqueous media. 

Vinyl compounds are preferred, eg acrylic acid and its salt, eg 

35 Na,K,Ca or NK , salts, acryloni trail e , acrylamide, and substituents, 
eg cyono- or alkyl substituents jsuch as methyl and ethyl substi- 
tuents thereof. Vinyl pyrrolidone and substituted forms of vinyl 
pyrrolidone may also be used. Acrylic acid is most preferred as its 
use results in hydrogels which are : generally tacky, biocompatible 
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Pol-ers of these cross-linking compounds may also be used in 
the hydrogels of the presen^ invention provided that the polymer 
contains one or more echylenic units. 

The relative proportion* of the sugar, protein, derivative or 
n ixture, and the cross-linkihg confound are variable between broad 
lilts best detennind experimentally with the aim of achieving 
physical strength, water -swelling characteristics and other pro- 
perties suitable for an intended application. 

The proportion of the sugar, protein or derivative in the 
hydrogel should be greater tkan that which results in a crystalline 
polymer and should be sufficient that the hydrogel is homogeneous. 
An excess of the sugar, pfotein or derivative may result in a 
structure in which not all [is cross-linked. It is necessary that 
substantially all the sugarl protein or devirative is cross-linked 

in the structure. 

A proportion of the cr^ss-linking compounds in excess of that 
necessary to cross-link all jof the sugar, protein or derivative may 
be used, as the excess cross-linking compound may be used up in 
polymerising with itself. [As the proportion of the cross-linking 
compound is increased however the hydrogel tends to become stronger, 
more rubbery, but less waterj-swellable . 

Generally a weight percentage of at least 20% of the sugar, 
protein, derivative or mixture should be present in the hydrogel. 

Additives may also bf incorporated in the hydrogel of the 
present invention to modify the properties of the hydrogel. For 
example plasticizers may faje included, or preferred form of plas- 
ticizer being water-soubl^ long chain saturated or unsaturated 
alcohols and polyols such a|s glycerol, sorbitol, octanol and higher 
alkanols. 

The hydrogels of the j invention may be prepared by a method 
which comprises the steps of: 

(a) selecting a water-soluble organic material from the group consisting 



of sugars, sugar derivative, proteins , protein derivatives 
nnri mixtures thereof, | 

(b) forming an aqueous Solution of the organic material together 
with at least one etbylenijsally unsaturated compound having at least 
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methanol or a ketone such as 
the reactants. It is desirable 
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one hydro philic group appendent thereto, and 

(c) exposing the solution to ionising radiation to form a hydrogel . 

The sugar, sugar derivative, f protein or protein derivative, 
unsaturated compounds and additives if used may be any of the 
compounds discussed above. The aqueous solution may be made up in 
water, or in a mixture of water and a water-miscible inert solvent 
eg an alcohol such as ethanol or 
acetone to encourage dissolution of 

to use as high a proportion of wat<pr as possible in the solvent if 
pure water is not used. The reactahts are mixed in solution in the 
proportions in which they are to be present in the final hydrogel. 

i 

It is desirable to use a highly concentrated solution of the react- 
ants which in the case of highly j soluble or colloidally soluble 
substances such as sugars, gelatin ior starch may be visious syrups 

15 or pastes. No upper concentration limit other than that requird to 
produce a solution of manageable viscosity appears to exist. On 
cross-linking, the solution sets jfa situ into a hydrogel ana the 
physical strength of this gel will (depend to a large extent on the 
amount of water which is incorporated into its structure, the more 

20 incorporated water, the weaker will be the hydrogel until ultimately 
gelling does not occur. As ^he tiydrogel is normally intended to 
swell in use by absorpotion of water, the degree of water swelling 
will also be determined by the amount of incprorated water present 
in the hydrogel, a large initial water content resulting in a lower 

25 degree of water-swelling on subsequent wetting. 

Preferred limits of water content in the hydrogel are 20-90 wt 
$. The lower limit is determined f by the solubility of the react- 
ants, usually the cross-linking compound and the upper limit being 
the limit for gelling to occur. 

i 

30 The preferred mole ratio of the organic material to the at 

least one ethyl enic ally unsaturated! compound in the 

product and r.ethcd cf the present invention is fron 1:1 to 1:20. 

For the hydrogels and the method of the present invention it is 
essential that the cross-linking reaction be carried out by exposing 

35 the solution of reactants to radiation. Radiation cross-linking 
enables the advantage of cross-linking of sugars, proteins and 
derivatives thereof which do not contain reactive groups. 
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A preferred type of radiation is gamma radiation for example 
from a Co 60 source. A suitable does of gamma radiation is 0. 1 M 
rads to 10 M rads, and a preferred done rate is froa 0.0005 tc 3.0 
M rads/hr. Other forms of ionising radiation eg short wave ultra- 
violet radiation, bombardment [ with electrons from a linear acceler- 
ator or X-rays may also be 6sed at an appropriate total dose and 
does rate. The degree of cross linkage increases with an increase 
in the total radiation dose, and for a given does, increases with a 

decrease in dose rate. 

The cross-linking reactipn may be carried out at room tempera- 
tures or at temperatures up |to 100°C. It is preferable to remove 
dissolved gases from the reaction mixture to prevent the inclusion 
of bubbles in the hydrogel. j It is also desirable to perform the 
reaction in the absence of an| 0 ^containing atmosphere as reactive 
oxidising species may otherwise be formed. 

On completion of the cross-linking raction the solution will 
have set into a hydrogel of generally the same shape as the original 
solution if contained in a vessel. The subsequent treatment of the 
hydrogel will dpend upon thej intended application, and may include 
washing, drying to remove \ unwanted water (eg air-drying at a 
slightly elevated temperaturk max 50'C), or if medical applic- 
ations are intended, re-ster^lising eg with radiation. 

Additives such as plaiticizers , eg glycerol, may be incor- 
porated in the hydrogel by including them in the reaction mixture 
prior to cross-linking. Alternatively such additives may be incor- 
porated by soaking the hydrogel in a medium, preferably an aqueous 
medium containing the additjive. Incorporation by diffusion then 
occurs. A hydrogel into wh^ch additives have been incorporated may 
then be dried and sterlised a3 above. 

The hydrogels of the present invention may be produced in a 
physically strong form by the method of the invention. Their most 
important characteristic thUgh is their ability to absorb a large 
amount of water in addition to any water which they may contain 
initially, this absorbtion j being accompanied by swelling, in some 
cases up to tens of times fheir original volume. The hydrogels of 
the invention also retain! this absorbed water to a substantial 
extent, resisting loss byj for example evaporation. This water 
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absorbancy is a consequence of tihe presence of a large number of 
water-co-ordinating hydrophilic s^tes such as the -OH groups of the 
sugar molecules incoprorated in ttie hydrogel. 

The hydrogels of the invention also have a number of other 
useful proerties. They may be) transparent, have gel-like con- 
sistency, and have an adhesive burface enabling them to be per- 
manently bonded to a wide range of^ materials. They have a paticular 
advantage in that they may be; bonded to wet materials or to 
materials having a high surface wajter concentration as bona strength 
increases as the material becomes (more hydrated. Any bond involving 
the hydrogel of the invention, if| made after cross-linking, may be 
delaminated easily by the application of liquid water to the inter- 
face and peeling. 

These properties of the hydrogels of the invention make them 
especially suitable for use in [medical applications, eg medical 
dressings. For such medical applications is is of course desirable 
that the hydrogel and the materials of which is made and which are 
incprorated in it are bio-compatible and non toxic. The biocom- 
patibility or otherwise of a hydrogel material of the invention may 
be determined by standard medical j toxicity tests. For use in wound 
dressings, hydrogels containing iacrylamide are not recommended. 

For use as a medical dressing a hydrogel according to the 
invention may be used alone but; is preferably used bonded to, a 
supporting or reinforcing film or[ films. The film may be an outer 
layer and in such a form may preferably be a semi-permeable membrane 
which enables controlled trsnspoijt of water from the site of the 
dressing. The semipermeable raemb|rane may conveniently be ore of 
the graft copolymeric materials f described in the Applicants UK 
Patent 2035350 and copending patent application PCT/GB 85/00197. 
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The fcmer patent discloses copolymers comprising a base polymer 
selected iron the group consisting of polyolefins, partially or 
fully fluorinated polyolefins, ipolyether ur ethanes, 
polymethylsiloxanes, polyethylene glycolterephthalates, polyamides, 
5 polyacrylonitriles, polyvinylclilorides, polyvinylidenechlorides, 
polyvinyl alcohols, polyethylen^glycols, polyvinylpyrrolidones 
and copolymers of the monomers ief two or more of the said polymers 
graft copolymerised with an etisylenic carboxylic acid. The latter 
application discloses acrylic acid grafted polyethylene - vinyl 

10 acetate copolymers. 

In a dressing of this type, it is desirable that the semi- 
permeable membrane retains some water within its structure to 
prevent the hydrcgel from dryiAg out but at the sane tine to 
prevent excess exudate from building up at the site of the wound. 

15 ror this reason the membrane preferably is of a material which has 
a water content in eqilibrium with distilled water at 20°C of from 
2 to 13 weight %. Between these limits the nierzbrane will control 
water loss from the gel and heiice from the site of the wound, the 
minimum water content being that required to prevent exudate buildup 

20 and the maximum being that required to prevent the gel from drying out 
on the wound, since water loss! from the membrane will increase with 
increasing equilibrium water content. This water content may be 
produced in a copolymer described in PCT/GBS5/00197 in the form of 
a 60 micron thickness film produced by taking a polyethylene vinyl 

25 acetate film containing 12. 5£ vinyl acetate and grafting in 26 wt£ 
acrylic acid. The graft copolymer will adhere slightly to 
polyethylene when hydrated and has an optimised water and oxygen 
permeability ( equilibrium vatfer content:- 10 vtf-) • It is also 
strong, durable and impenetrable to bacteria. Reduction of the 

30 amount of acrylic acid in the (graft copolymer reduces the equilibria 
water content. 
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A dressing may also comprise a composite structure of two or 
more different hydrogels, fcjr example one based on a sugar or 
derivative, such as sucrose,^ another based on a protein such as 

gelatin . j. 

In another form of medical dressing using the hydrogels of the 
invention, a fabric material may be impregnated with the hydrogel 
for example by soaking the fabric in the solution prior to exposure 
to radiation, and a semipermeable membrane may be bonded onto one 
(the outer) surface. The fabric may be a non-woven, semi-trans- 
parent cellulose material, th|is being sufficiently absorbant to 
allow easy impreganation, the tjhickness of the hydrogel layer being 
determined by the thickness of the fabric. Ideally such a fabric 
should consist of fibres which are disposed in such a manner as to 
allow gel expansion in the thickness direction by their separation. 
The fibrous material should be (non-elastic to prevent curling of th 
composite dressing that would! otherwise occur from longitudinal 
expansion of the hydrogel. I* 

Alternative methods of preparation of dressings using the 
hydrogels of the invention are to cast the monomer solution on to a 
non-fibrous transparent matrix or to bond the gel layer to a cover- 
film after polymerisation. | 

A dressing made by one of [the above methods has the advantage 
that it will exhibit a controlled adhesion to the skin, obviating 
the need for a further bandage o j r adhesive material, but at the same 
time allowing easy release fromj sensitive, burn type wounds by the 
application of water and gentle! peeling. The property that gives 
the dressing this characteristic is the higher affinity of the gel 
surface for water than for skin! The cover film provides strength, 
protection from infection, and ajcontrolled rate of water loss due to 
its graduated hydration with gel/wound wetness. The maximum rate of 
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water loss is limited by the maximum water content of the film which 
is low compared with that of the gel. The film also allows the 
dressing to be wrapped compeletlely around an appendage and held 
under tension using the ability kf the gel surface to bond well to 
the back of the copolymer on the 1 overlapping region. This bond is 
stronger than the one between gel; and skin. The dressing has a very 
high absorptive capacity and cah posess varying degrees of trans- 
parency depending on the nature and thickness of the supporting 
■atrix. An alternative cover material may comprise a crosslinked 

gelatin based gel. 

Hydrogels according to thj invention may be used for other 
medical and non-medical purposes. Other used include a fluid 
absorbing device for example an; incontinence - controlling device, 
either alone or in combination with other materials such as flexible 
foess or fabrics, or as tissue [implants, implanted devices or part 
thereof, in controlled drug please devices, in permselective 
.embranes, in electrophoresis, in enzyme immobilisation, in contact 
lenses and any other biomedical) application requiring a high degree 
of biocompatibility or in admixture with media employed in horti- 
culture, in culture media used in bacteriology and in any other 
applications requiring the present of retained moisture for support- 

i 

ing growth. 

The invention will now be described by way of example. 
Example 1 

A 2ml mixture of (a)800 grams/litre concentration of sucrose in 
water with (b) acrylic acid wad made, the volumes being in the ratio 
6-fe The monomer solution was irradiated in the absence of gaseous 
oxygen with gamma radiation from a cobalt 60 source at a dose rate 
of 0.!0M Mrads/Hr for a total dose of 2.5 Mrads. The product was a 
sterile gel with all the properties mentioned, having in particular 
an adhesive surface and an expansile capability in distilled water 
of around 30 times the original volume. 

Example 2 I 

A 2ml mixture of (a) a [sucrose solution in water of concen- 
tration 800g/l with (b) an fcqual volume of acrylic acid was xrr 
tfated as described in Example 1. This produced a gel which ex- 
panded 7 times its volume on hydration, which was tough and had , 
slightly tacky surface. 
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Example 3 

A mixture of (a) a sucrose solution in water of concentration 
800g/l with the addition of 20% ofj ethanol was added to (b) an equal 
volume of acrylic acid and irradiated as described in Example 1. 
5 This produced a gel which had a tacky surface and expanded unevenly 
on hydration to 8 times it volume, 
Example 4 

A mixture of (a) a sucrose solution in water of concentration 
800g/l with (b) an equal volume of acrylamide solution in water of 
10 concentration 500g/ 1 were irradilated as described in Example 1. 
This produced a smooth gel which expanded to H times its volume on 
hydration and exhibited a non-taci<y surface. 
Example 5 

A mixture of (a) a glucose solution in water of concentration 
15 800g/l with (b) an equal volume |of acrylic acid was irradiated as 
described in Example 1. This produced a tacky gel which expanded to 
5.5 times its volume, with some residual solidified glucose on the 
under-surface . 
Example 6 

20 A mixture of (a) sucrose solution in water of concentration 

800g/~ with an (b) equal volume off vinyl pyrrolidone was irradiated 
as described in Example 1. The product was a soft fluid-like gel on 
hydration. [ 
Example 7 

25 A gel was produced as described in Example 1 but using a 

radiation dose rate of 0.047 Mradjs/hr to a total dose of 0.8 Mrads. 
This produced a gel of similar; properties to that produced rn 
Example 1, but with an expansile^ capability in distilled water of 
around 60 times the original volume. 

30 Example 8 j 

A paste-like colloidal solution of starch in water of con- 
centration 3000g/l was mixed with acrylic acid in the volume ratio 
7:3 and irradiated as described! in Example 1. The product was 
slightly expansile, hard and brittle. 

35 Example 9 j 

Glycerol was incorporated into the hydrogel of E::2a:ple 1 as 
fcllov/s. A prepared hydrogel sainple (2g) was placed in distilled 
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water (ID. it was left for 2Mb> to swell the hydrogel. The water 
was then replaced with fresh filtered and double distilled water 
(1L) and a magnetic stirrer wak used, to agitate the water for 3 
hr ' The replacetnent of water ind period of stirring was repeated 

5 twice, then the sample was thjn placed in a 25 utt solution of 
glycerol in water for 8 hr, tihen removed, surface washed with 
distilled water and then dried in a 50" C oven for 2* hours, resting 
on a low density polyethylene support. The sample was placed in an 
airtight container and sterilised with gamma radiation using 2.5 

10 Mrads at a dose rate of 0.5 Mradjs hr - 
Example 10 

A m edical dressing was mad<l by cutting both a hydrated sheet of a 
26 vt$ acrylic acid- polyethylenfe vinyl acetate graft copolymer as 
described above and a fibrous cellulose material to be a close fit 
15 to the internal dimensions of a| polythylene envelope of the required 
dressing size so that a gap of 1cm was left at the open end. The 
two layers were then placed, copolymer face down, in the envelope. 
The copolymer sheet was firmly [pressed to the inside of the envelope 
by the application of light pressure and smoothed to remove 
20 wrinkles. The open end of the; envelope was then heat sealed adjac- 
ent to the 2 layers, leaving an open gap of 2cm at one corner. An 
excess of the monomer solution! prep ared as in Example 1, was poured 
into the unsealed corner and allowed to drain down to the bottom. A 
roller was used to control the even application of the solution to 
25 the two layers, firstly expeding air bubbles and then expelling the 
surplus solution to give an even impregnation. The aperture at the 
end of the envelope was then -dried and heat sealed. The whole was 
then placed between two glass: plates and clamped lightly to flatten 
the sample and prevent inwajrd oxygen diffusion. This was then 
30 irradiated, the dose and dose! rate being as specified in Example 1. 
The resulting dressing was ^.ril. and prepackaged. In use it was 
easily removed from the envelope by cutting and peeling from the 

i 

polyethylene. f 
Example 11 

35 A gelatin-based film suitable for forming a cover for a hydro- 

g ei of the invention for use in a medical dressing was made by 
mixing a heated gelatin solution containing 260 grams/litre of 
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gelatin in water at 50 degrees Celsius „ ith acrylic acid in a 

volume ratio of 6:1. The eel was cured -i r> = 

S ei was cured m a gaseous oxygen free 

environment using gamma raaiatioh at a dose rate of 0.6 Mrads/hr to 
a total dose of 3 Mrads. The gel was bonded to a 3ucrose gel layer 
by adhesion. The gelatin gel had a tough, elastic rubbery con- 
sistency and conferred strength, conformability and elasticity to 
the dressing. 

Partial dehydration of the | opaque white gelatin gel gives a 
transparent brown material with little loss in elasticity. 
Example 12 

A standard cytotoxicity elution test using MRC-5 human embry- 
onic lung fibroblasts w carried out on each =f three hydrogel 
prepared - accordance with the abcve Exiles. Sesults were as follow 

^Ple 1 u a t zero dilution 

lE:canple 9) n ... 

0 at l m 2 dilution 

PH = 3.1 

nominally toxic j 
below scoring level 
PH = 3.3 
not toxic 

1+ at zero dilution 
0 at 1 in 2 dilution 
PH = 3-0 
nominally toxic 
Negative control = tissue cultiure fluid 
Positive control = Medical gr|ade latex (result 



Sample 2 
(Example 9) 



Sample 3 
(Example 1) 



toxic) 

medical grade latex is around 100 
samples. They also deiaor.str-te 



highly 

These tests demonstrate that 
times more toxic than the hydrogel 

that the addition of glycerol or other aliphatic polyolsTs 
preferred since they tend to reduce the cytotoxicitv D f the 
resulting hyirogete which are then for 3 suitable for use in 
biomedical applications such as votmd dressings. 
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1. An homogeneous hydrogel materiel comprising a water Boluble 
organic material selected from the I group consisting of sugars, 
sugar derivatives, proteins, protein derivatives, and mixtures 
thereof, radiation cross-linked with at least one ethylenically 
unsaturated compound having at least one hydrophilic group 
appendent thereto. 

2. A hydrcgel material according to claim 1 characterised in that the 
organic material is selected from tie group consisting of 
monosaccharides, disaccharides, and derivatives and mixtures 
thereof* 

3. A hydrogel material according to claim 2 characterised in that, 
the organic material is selected frbm sucrose and derivatives 
thereof. 

U. A hydrogel material according tb claim 1 characterised in that 
the organic material comprises gelajtin. 

5. A hydrogel material according jto any one of the preceding claims 
characterised in that the at least one ethylenically unsaturated 
compound is selected from ethylenically unsaturated carbosylic acids 
and derivatives thereof. 

6. A hydrogel material according to claim 5 characterised in that 
the ethylenically unsaturated carbo;xylic acid is acrylic acid. 

7. A hydrogel material according tcj claim 5 characterised in that 
the derivative of the ethylenically unsaturated carbosylic acid 
comprises acrylamide. 

8. A hydrogel material according to any or.e of claims 1 to U 
characterised in that the at. least lone ethylenically unsaturated 
compound comprises vinyl pyrrolidohe. » 

9. A hydrogel material according io any one of the preceding claims 
characterised in that the mole ratio of the organic material to the 
at least one ethylenically unsaturated compound in the hydrogel is 
from 1:1 to 1:20. 

10. A hydrogel material according U any one of the preceding claias 
characterised in that the hydrogel | contains in addition a plasticiser. 

11. A hydrogel material according to claim 10 characterised in that 
the plasticiser comprises an aliphatic polyol. 

12. A hydrogel material according to claim 11 characterised in that 
the polyol is glycerol. 

13. A medical dressing containing a hydrogel material according to 



01 74849 



U. A medical dressing according to jclaim 13 comprising a 
composite stucture of a-first layer [including a hydrogel material 
based on a protein or protein derivative and a second layer 
including a hydrogel material based \m a sugar or sugar derivative. 

15. A medical dressing according to claim ' A characterised in that 
the hydrogels are based on gelatin and sucrose respectively. 

16. a medical dressing according to claim 1 3 comprising a layer of 
the hydrogel material bonded to a supporting or reinforcing 
becking film. 

A medical dressing according to | claim 1 6 characterised in that 
tr.e backing film i s a semi-permeable i membrane. 

18. A medical dressing according to claim 17 characterised in that 
the membrane is £ hydrophilic thermcilastic graft copolymer. 

19. A medical dressing according to claim 18 characterised in that 
the copolymer is a base polymer selected fromthe group consisting of 

polyolefins, partially or fully fluorina- 
ted polyolefins, polyetherurethanes, ipolydi m ethylsilo«*e 0 , polyethy- 
lene elycolterephthalates, polyenes, polyacrylonitriles, poly- 
vinylchlorides, polyvinylidenechlorides, polyvinylalcohole, poly- 
ethyleneglycolB, polyvinylpyx^li^ ^ copolymer8 of ^ nonomers 
of two or more of said polymers graf^ copolymerised with an 
ethylenic carboiylic acid. 

20. A medical dressing according to claim 18 characterised in that 
the copolymer is an acrylic acid grafted polyethylene - vinyl 
acetate copolymer. 

21. A redical dressing according to a±y one of claims 17 to 20 
characterised in that the copolymer his an equilibrium water content 
at 20 C of 2 to 13 % by weight. 

22. A medical dressing according to claim 13 characterised ia that 
the hydrogel material is impregnated }nto a fabric material. 

23. A medical dressing according to c^aim 22 characterised in that 
the fabric material is a non-woven cellulose material. 
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24. A method of preparing a hydrogel material which comprises 
the steps of 

(a) selecting a water-soluble organic material from the group 
consisting of sugars, sugar derivatives, proteins, protein 
derivatives, and mixtures thereof, i 

(b) forming an aqueous solution of j the organic material together 
with at least one ethylenically unsaturated compound having at 
least one hydrophilic group appendant thereto, and 

(c) exposing the solution to ionising radiation to form the 
hydrogel. 

25. A method according to claim 24 (characterised by the further 
step of 

(d) replacing at least part of the [aqueous solution content of 
the product of step (c) with an aliphatic polyol. 

26. A method according to claim 24 jor claim 25 characterised in 
that the ionising radiation is gamma radiation. 

27 A method according to claim 26 (characterised in that the total 
dose of gamma radiation aandjxLstereld in step (c) is from 0.1 Mrads 
to 10 Mrads. 

28. A method according to claim 26 or claim 27 characterised in 
that the radiation dose rate in step (c) is from 0.0C05 to 

3 iirads/hr. 

29. A method according to any one ojf the preceding claims 
characterised in that the aqueous solution forced in step (b) 
contains from 2C£ to 9C£ water. 

30. A method according to a ny one ojf the preceding claims 
characterised in that the mole ratio of the organic material 
to the at least one ethylenically unsaturated compound in the 
aqueous solution formed in step (b)|is frcra 1:1 to 1:20. 



